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摘  要 
随着世界范围内水产养殖量的增加，鱼粉作为饲料中主要的蛋白质源，价格
急剧上涨，供不应求。因此，用植物蛋白质原料(几乎不含牛磺酸)替代鱼粉来配
制饲料成为水产养殖的趋势。在植物蛋白饲料中适当地添加牛磺酸、脂肪不仅能
够促进鱼类的生长和品质的提高，而且还能降低饲料成本。然而，饲料中添加牛
磺酸、脂肪等营养对鱼类代谢的影响及作用机制尚不完全清楚。 
石斑鱼是一种低脂肪、高蛋白的上等食用鱼，富含蛋白质、维生素 A、维生
素 D、钙、磷、钾等营养成分，其肉质细嫩洁白，类似鸡肉，素有“海鸡肉”之
称，是一种名贵的海产鱼类。石斑鱼营养丰富、经济价值高，已经成为我国海南、
广东、福建、广西及浙江沿海水产养殖的重要经济品种，随着人们对鲜活海产品
的需求量与日俱增，其养殖规模也不断扩大。 
本论文以斜带石斑鱼（Epinephelus coioides）为研究对象，基于核磁共振(1H 
NMR)代谢组学，研究饲料中不同水平牛磺酸、脂肪对斜带石斑鱼肠组织代谢的
影响，揭示牛磺酸、脂肪营养与石斑鱼生长发育密切相关的代谢变化规律，构建
牛磺酸、脂肪影响下的代谢网络，阐明牛磺酸调节鱼类生长的生物学机制。主要
的研究内容包括： 
一、研究不同饲喂期石斑鱼肠组织在不同饲料牛磺酸干预下的代谢组变化。
实验设计四种牛磺酸含量分别为 0.0%，0.5%，1.0%和 1.5％的等氮饲料喂养石斑
鱼，饲喂期为 84 天。应用核磁共振技术（NMR）获取不同时期、不同牛磺酸含
量影响下的肠组织指纹图谱，利用多变量模式识别技术获取差异代谢物。分析结
果表明：在用不同牛磺酸含量的饲料喂养后，鱼肠组织中葡萄糖、氨基酸等 25
种代谢物发生显著性变化，且在 1.0％牛磺酸含量时最为明显。这些代谢变化主
要涉及多种代谢途径，包括生物物质合成，蛋白质消化和吸收，脂质代谢和脂肪
分解，碳水化合物代谢、消化和吸收以及 ATP 结合盒转运蛋白（ABC 转运蛋白）
等。这些代谢变化反映了牛磺酸对鱼体代谢及生理状态的重要影响，对鱼生长和
发育具有促进作用。 
二、在前面工作的基础上，进一步研究高脂饲料饲养条件下，牛磺酸对石斑
鱼肠组织的代谢组变化的影响，探索高脂饲养条件下，牛磺酸对脂质的调控作用。
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实验采用 2×4 双因子法配置饲料，设置 2 个脂肪水平（10%和 15%）和 4 个牛磺
酸水平（0.0%，0.5%，1.0%和 1.5％）并八种饲料，分别喂养石斑鱼 56 天。应
用基于 NMR 代谢组学方法分析不同脂肪、牛磺酸水平作用下肠组织的差异代谢
物。实验结果发现，当饲料中脂肪含量为 15%时，牛磺酸的调控作用并不明显，
4 个牛磺酸水平的石斑鱼肠组织代谢情况相似。当饲料中脂肪含量为 10%时，牛
磺酸显示出较好的调控能力，石斑鱼肠组织中 16 种代谢物变化显著。实验结果
表明，牛磺酸提高了高脂肪饲料中石斑鱼体内脂肪酶活性，促进脂溶性物质消化
吸收，进而提高高脂肪饲养下鱼体蛋白合成效率。 
关键词：代谢组学；核磁共振；石斑鱼；牛磺酸；脂肪 
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ABSTRACT 
With the growing scale of aquaculture around the world, the price of fish meal 
which is the main source of protein in feeds has been rising sharply and is now in 
short supply. Therefore, using plant protein raw materials (almost no taurine) to make 
the feeds instead of fish meal has been a trend in aquaculture. The proper addition of 
taurine and fat in plant protein feeds can not only promote the growth and quality of 
fish, but also reduce the cost of feeds. However, the effects of dietary taurine and fat 
on the metabolism of fish are not fully understood. 
Grouper (Epinephelus coioides) is the first-class edible fish with low-fat and 
high-protein, riching in nutrients. Their meat is tender and white, resemble chicken. 
Thus, grouper are known as “The chicken in the sea” and are regarded as a kind of 
valuable marine fish. Moreover, resulting from their rich nutrition and high economic 
values, grouper have become an important economic species of aquaculture in Hainan, 
Guangdong, Fujian, Guangxi and Zhejiang. And with the increasing demand for fresh 
seafood, the scale of aquaculture of grouper has been expanding. 
In this thesis, grouper was used to study the impact that feeds with different 
levels of taurine and fat have on the metabolism of intestine tissue of fish to reveal the 
rule of metabolism of taurine and fat that closely related with the growth of grouper, 
construct the metabolic network under the influence of taurine and fat and clarify the 
biological mechanism of taurine regulation on fish growth on the basis of 
1
H 
NMR-based metabolomics approaches. The main research works include: 
First, to investigate the metabolomic variations in intestine tissue of grouper in 
different feeding periods and different feeds under the intervention of taurine. The 
grouper was fed with one of the four kinds of diets containing equal nitrogen and 0.0, 
0.5, 1.0 and 1.5% supplemental taurine respectively for 84 days. The NMR 
technology was exploited to obtain the fingerprints of intestine tissue in different 
periods as well as different taurine levels and the multivariate pattern recognition 
technique was used to obtain differential metabolites. Results showed that a total of 
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25 kinds of metabolites such as glucose and amino acid were found to change 
significantly in intestine of fish while fed with different taurine-added diets, and a 
markedly altered phenomenon happened in 1.0% taurine-added diet. These metabolite 
changes basically involved in various kinds of metabolic pathways including 
biosynthesis of biological substances, protein digestion and absorption, lipid 
metabolism and lipolysis, carbohydrate metabolism, digestion and absorption, and 
ATP-binding cassette transporters (ABC transporters). And all these metabolic 
changes reflected the important effect that taurine had on the metabolism and 
physiological state of fish body while promoting growth and development of fish. 
Second, based on above, further study the effects of taurine on the metabolic 
changes of intestine tissue of grouper under high fat diet feeding conditions, and 
explore the regulatory effect of taurine on fat under the condition of high fat diets. 
The NMR based metabolomics was used to analyze the differential metabolites of 
intestine tissue in different fat and taurine levels. The experiment adapted the method 
of 2×4 double factors to prepare the feeds with 2 fat levels (10% and 15%) and 4 
taurine levels (0.0%, 0.5%, 1.0% and 1.5%) being set. And the grouper were fed with 
these eight kinds of feeds for 56 days. It was found that the regulation of taurine was 
not obvious when the fat content was 15%, and the metabolic status under the four 
taurine levels expressed the similar trends. However, when the content of fat in the 
feed was 10%, the taurine showed a better regulation ability and the metabolism of 
grouper was changed greatly after adding taurine. The volume of changes was the 
most obvious when the content of taurine was 0.5%. Overall, the results showed that 
taurine had promoted the lipase activity of grouper in high fat feed and the digestion 
and absorption of liposoluble material. Thus, the protein efficiency of fish was 
improved while fed in high fat. 
Keywords: Metabolomics; Nuclear magnetic resonance (NMR); grouper Epinephelus 
coioides; Taurine; Lipid 
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